EVALUATION OF THE INFLUENCE OF A VARYING MOLAR RATIO OF SODIUM DODECYL SULFATE TO WHEY PROTEIN ISOLATE ON THE STABILITY OF THE WHEY PROTEIN EMULSIONS by Thu, Tran Le
 
 
Vietnam Journal of Science and Technology 55 (5B) (2017) 26-33 
 
EVALUATION OF THE INFLUENCE OF A VARYING MOLAR 
RATIO OF SODIUM DODECYL SULFATE TO WHEY PROTEIN 
ISOLATE ON THE STABILITY OF THE WHEY PROTEIN 
EMULSIONS 
Tran Le Thu
*
, Nguyen Thi Ngoc Hoi 
Ho Chi Minh city University of Food Industry, 140 Le Trong Tan, Tay Thanh Ward, Tan Phu 
District, Ho Chi Minh City 
*
Email: thutl@cntp.edu.vn 
Received: 15 August 2017; Accepted for publication: 10 October 2017 
ABSTRACT 
In combination with the Lumifuge centrifugation and Zeta potential apparatuses, the 
influence of a varying molar ratio of Sodium Dodecyl Sulfate (SDS) to Whey Protein Isolate 
(WPI) on the stability of the whey protein emulsions at pH 4 and pH 5.5 is observed. Two whey 
protein stabilized emulsions were prepared by homogenizing 20 wt. % soybean oil and 80 wt. % 
whey protein solutions (0.5 wt.% whey protein in buffer, pH 4 and pH 5.5) at room temperature.  
By observation, the droplets are weakly flocculated at a ratio of SDS to whey protein of 
256. This shows that there is a strong electrostatic repulsion between the emulsion droplets if 
much surfactant is adsorbed to the protein molecules, which prevents them from aggregating. 
The magnitude of the measured zeta potentials explained the stability of the emulsion at pH 4 as 
well as the emulsion at pH 5.5 is ensured at SDS to whey protein ratio equal to 256. The results 
of the transmission profile by Lumifuge separation analyzer at different time and at 3000 rpm 
(1200 g) elucidated that the stability of the whey protein emulsion at pH 4 and 5.5 is obtained 
upon dilution with SDS-WPI ratio of 256. 
Keywords: Lumifuge centrifugation, SDS, whey protein emulsion, and zeta potential apparatus.
1. INTRODUCTION 
The influence of SDS on the droplet size in whey protein stabilized emulsions investigated 
by laser light scattering have been widely studied  [1]. SDS was used for deflocculation of the 
oil drops and the SDS concentrations used were low enough to prevent depletion flocculation by 
surfactant micelles and extensive protein displacement. The physico-chemical properties of 
whey protein stabilized emulsions can be modified by using surfactant SDS-whey protein 
interaction [2]. They indicated that the influence of SDS on the drop size in whey protein 
stabilized emulsions depended not only on the SDS concentration but also on the pH of 
emulsions. Their results showed that at a ratio of surfactant to whey protein is 4, the measured 
droplet particle size is increased at pH 3 but is reduced at pH 5. At high surfactant-to-protein 
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ratios (R > 4), the amount of SDS bound to the droplets was large enough to create an 
electrostatic repulsion which prevented them from aggregating. Sourdet et al.[1] demonstrated 
that dispersion of the whey protein stabilized emulsions in SDS solution led to changes in the 
shape of the particle size distribution and their displacement towards lower sizes. The effect of 
emulsion dispersion in SDS solution might be postulated to be due to dissociation of non 
covalently bound aggregates of fat droplet that could form in emulsions based on pure whey 
proteins. This SDS dissociating effect of none covalently bound aggregates of fat droplets, as a 
function of casein-to whey protein weight ratio, was already observed from both simple 
emulsions [3] and complex emulsions [4].  Kelley and McClements [5] also examined the 
influence of an anionic surfactant SDS on the thermal stability of emulsions stabilized by a 
globular protein (bovine serum albumin, BSA). They reported that the addition of SDS to 
emulsions prior to heating may improve their thermal stability by increasing the electrostatic 
repulsion between the lipids droplets. The stability of the emulsions to droplet aggregation 
during heating increases appreciably when the surfactant-to-protein ratio was increased from 0 
to 6. Β-lactoglobulin is easily denaturated by the heat treatment through the formation of 
disulphide–linked complexes. They indicated that β-lactoglobulin was also irreversible 
denaturated by the adsorption of SDS. SDS played a double role in denaturation, displacing the 
protein from the surface and interacting with the polypeptide, stabilizing its unfolded structure. 
In the heated emulsion (20 % soybean oil, 1 % whey protein) containing β-lactoglobulin, the 
presence of 1 % SDS caused irreversible denaturation of β-lactoglobulin by displacing the 
protein from the interface. It may be due to the fact that SDS is a charged surfactant so it can 
interact with a protein both electrostatically (through its sulfate group) or hydrophobically (via 
its alkane tai-group). The aim of this study is to evaluation of the influence of a varying molar 
ratio of SDS to WPI on the stability of the whey protein emulsions. 
2. MATERIALS AND METHODS 
2.1. Materials 
2.1.1. Whey stabilized emulsion containing different SDS/WPI ratio 
Whey protein powder was supplied by Davisco International (USA). The whey protein 
powder had a protein content of 0.9264 g protein/g whey protein isolate powder. The molecular 
weight of WPI was the same as that of β-lactoglobulin (18363 g/mol). The whey protein powder 
has a protein content of 0.9264 g protein/g whey protein isolate powder. Different ratios of SDS 
to WPI were tested with given molecular of whey protein and SDS was 18363 g/mol and 288.4 
g/mol, respectively. 50 mM acetic acid/Na-acetate buffer solutions at pH 4 and 5.5 were 
prepared containing 0.02 wt% NaN3 to prevent microbial growth. 0.5wt% whey protein 
dispersions were prepared by magnetic stirring. Two oil-in-water emulsions at pH 4 and pH 5.5 
were prepared by homogenizing 20 wt. % soybean oil and 80 wt. % whey protein solutions (0.5 
wt% whey protein in buffer, pH 4 and pH 5.5) at room temperature. The homogenization was 
carried out using two stages: first stage at 200 bar and the second stage at 50 bar. The oil in 
water emulsion was composed of 20 % soybean oil and 80 % whey protein dispersion (0.5 % 
whey protein). Thus the percentage of whey protein which is present on total emulsion base is 
0.4 %. After diluting 20-fold with SDS solution, the concentration of WPI is 1.089 × 10
-5 
M. If 
the amount of SDS solution which is needed to obtain the highest molar ratio of SDS to WPI (R 
= 256) was taken to be 19 ml, the amount of SDS needed to disperse in buffer solution was 0.85 
g/L.   
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2.1.2. Centrifugation by Lumifuge 
Prior to centrifugation by Lumifuge apparatus, these above samples were prepared as 
follow: after dilution with different ratios of SDS/WPI, 400 µl diluted sample was injected into 
lumi-cuvettes by using a syringe. The samples were centrifuged for 10 min (at first stage) at 300 
rpm and 20 min (at second stage) at 3000 rpm. The percentage of light transmission through the 
sample is computerized by the Lumifuge software during centrifugation.  
2.1.3. Particle surface charge measurement 
The whey protein stabilized emulsion particle surface charge (ζ potential) was measured 
using a particle electrophoresis instrument (Zetasizer IIc, Malvern Instrument, UK). Each of  the 
emulsions with different SDS/WPI ratio was injected into the electrophoresis cell that had 
electrodes at either end. An electrical field was applied to the sample, which caused the 
electrically charged particles to move toward the oppositely charged electrode. The velocity of 
the particles was determined by measuring the frequency of the scattered light when the droplets 
moved through the crossing point of two focused laser beams. The ζ potential was calculated by 
Helmholtz-Smolushowski equation (1): 
0D
         (1) 
= electrophoretic mobility (m²/V*s); ζ = zeta potential (V);  = viscosity of water at 25 °C;             
D = Dielectric constant of water at 25 °C (D = 78.542);  = permittivity of water at 25 °C (C
2
.N
-
1
.m
-2
); 0 = permittivity of vacuum ( 0 = 8.85×10
-12
 (C
2
.N
-1
.m
-2
)). 
The samples were prepared as follows: all samples with different ratio of SDS/WPI 
corresponding to the pH 4 and pH 5.5 were centrifuged around one hour. Each sample was 
separated into an upper creamed layer and a lower serum layer. The serum layer was then 
collected and diluted with corresponding buffer solution in order to reduce the laser scattering. 
The results are reported as the average of three measurements.  
3. RESULTS AND DISCUSSION 
3.1. Observation of the flocculation of whey protein stabilized  
In this experiment, the influence of different SDS concentrations on whey protein stabilized 
emulsions was checked by varying the molar ratio of SDS to whey protein (R = 0-256) at pH 4 
and pH 5.5. Figure 1 shows the effect of SDS on the flocculation of droplets in an emulsion at 
pH 4 at different ratio of SDS to whey protein. At SDS-WPI ratio zero, no flocculation is 
observed, in other words, droplets are unflocculated in the absence of SDS at pH 4. That means 
that the protein is predominantly positively charged if the pH value is below the isoelectric point 
of β-lactoglobulin (pI = 5) [6]. The stability of an emulsion is immediately changed if a small 
amount of SDS is added, for example SDS-WPI ratio is 4 in Figure 1. 
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(A) 
 
(B) 
 
(C) 
 
(D) 
Figure 1.  Photograph and light microscopy of whey protein stabilized emulsions at pH 4 (A and B) and 
pH 5.5 (C and D); the ratio of SDS to whey protein is 0, 128 and 256, respectively. 
This change is due to the fact that the droplets are quickly flocculated in the presence of 
SDS, which is caused by the negatively charged hydrophilic sulphate group of SDS that 
neutralizes the positively charged protein patches in the emulsion. The binding of SDS at low 
pH decreases the net positive charge of the droplets, decreasing the electrostatic repulsion 
between them and thereby increasing their tendency to aggregate [2]. Droplets stay flocculated 
at increasing SDS to WPI ratio, because of the further reduction in the net positive charge of the 
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protein caused by SDS binding. This is observed in Figure 1 with SDS-WPI ratio 16, 32, and 64. 
Although the positive charge of the proteins was not available anymore when continuously 
increasing SDS, the droplets flocculated only slightly at SDS-WPI ratio 128. However, the 
emulsion is stable again when an amount of SDS is added until the ratio of SDS to whey protein 
is 256. That means the whey protein stabilized oil droplets are coated with SDS molecules 
making the droplets negatively charged, therefore increasing the electrostatic repulsion between 
them and increasing the stability of the emulsion. This is illustrated in Figure 1 (A and B) at 
SDS-whey protein ratio (R = 256).  
The instability of the emulsion at pH 5.5 is observed immediately at the ratio of SDS to 
WPI 0. The emulsion at ratio SDS-whey protein (R = 0) is strongly flocculated (Figure 1, R = 0), 
because pH 5.5 is close to the isoelectric point of β-lactoglobulin (pI = 5), at which the number 
of positively charged protein patches is equal to the number of negatively charged protein 
patches. Therefore the emulsion is the least stable (Figure 1 C). The floating layer is reduced 
gradually in the presence of SDS if increasing the ratio of SDS to whey protein (R= 4, 16, 32, 
64). The flocculation disappeared when increasing the SDS to whey protein ratio to 128 by the 
visual observation in the Figure 1 C but droplets are concentrated and weakly flocculated upon 
observation by microscopy with a magnification of 1000 × (in Figure 1 D).  
3.2. Evaluation of whey protein emulsion stability by Zeta potential 
To account for the observation in section 3.1, the zeta potential of the whey protein 
stabilized emulsions of pH 4 and pH 5.5 are shown as a function of SDS-whey protein ratio (R = 
0-128) in Figure 2. 
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Figure 2. Zeta potential of whey protein stabilized emulsion diluted with SDS at a ratio of                          
SDS to WPI from 0 to 128. 
Firstly, in the absence of SDS (R = 0) in the whey protein stabilized emulsion at pH 4, its ζ-
potential was measured to be + 12.89 mV. The particles in this emulsion had a positive charge 
because this pH was below the isoelectric point of the whey protein (predominance of β-
lactoglobulin). The emulsion containing particles with significant positive or negative β-
potential are considered stable. Thus, it can be said that the emulsion at pH 4 without SDS (R = 
0) is considered stable and no flocculation was observed, which is corresponding to figure 1 (A 
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and B). When SDS was added to the emulsion, the ζ- potential value dropped quickly to about 
zero. Consequently, flocculation is observed immediately at an SDS-whey protein ratio of 4. 
Especially at SDS-whey protein ratio of 16 the magnitude of the measured ζ- potential is 
approximately equal to zero, at which point the stability of the emulsion is least. The magnitude 
of the ζ - potential is reversely changed by increasing further the SDS-WPI ratio. The particle 
surface potential becomes more negative. Because SDS is an anionic surfactant, it increases the 
negative charge on the droplets, thereby increasing the electrostatic repulsion between them, 
which helps to prevent them from aggregating [7]. As a result, the creaming layer disappeared 
and the stability of the emulsion at pH 4 is obtained again when increasing the SDS-WPI ratio 
until R = 256. 
The influence of SDS-whey protein ratio on the ζ-potential of whey protein stabilized 
emulsion at pH 5.5 is also shown in Figure 2. In the absence of SDS, the initial zeta potential of 
this emulsion is -5.45 mV. The particles in this emulsion had a negative charge because this 
emulsion pH was above and close to the isoelectric point of the whey protein. This explains why 
a creaming layer is observed at R = 0 in Figure 1 (C). When adding SDS to the emulsion, the 
electrical charge on the particles became more and more negative. The presence of anionic SDS 
surfactant increased the negative charges in the emulsion, indicating that increasing the surface 
charge on the particles increases the magnitude of inter-particle electrostatic repulsions [8] 
which will tend to disrupt existing protein aggregates and discourage further aggregate 
formation. As a result, the increasing of negative surface charge is corresponding to the 
disappearance of the creaming layer which is observed in the Figure 1 (C and D). 
3.3. Evaluation of whey protein emulsion stability by Lumifuge centrifugation  
The variation of light transmission of the whey protein stabilized emulsions at pH 4 and pH 
5.5 with SDS-WPI ratio (R = 0-256) is examined by Lumifuge separation analyzer at different 
time and at 3000 rpm (1200 g).  
The transmission profiles of the whey protein stabilized emulsions at pH 4 upon dilution 
with varying SDS –WPI ratio is observed in Figure 3. It is noticed that the lowest transmission 
percentages are obtained with SDS-WPI ratio of 0 and 256 whereas the higher transmission 
percentages are obtained with SDS-WPI ratio of 4, 32, 64 and 128, except for special case of R = 
16. The transmission percentage of R = 16 is lower due to more flocculation which is observed 
in Figure 2. These emulsions with SDS-WPI ratio of 0 and 256 are more opaque than the other 
ones. It is corresponding to the turbidity which is observed in Figure 1 (A) at R = 0 and 256.   
As can be seen in the figure 3, the transmission profiles of the whey protein emulsion at pH 
5.5 are gradually reduced when increasing the concentration of SDS. The lowest transmission 
percentage is obtained upon dilution with SDS –WPI ratio 256. It is indicated that this emulsion 
is most opaque compared to the others, which is corresponding to turbidity which is observed in 
Figure 1 (C) at R = 256. 
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Figure 3. Transmission profiles of whey protein stabilized emulsions with ratio of SDS to WPI at                           
pH 4 and pH 5.5. 
4. CONCLUSIONS 
The stability of the emulsion at pH 4 as well as the emulsion at pH 5.5 is ensured at SDS to 
whey protein ratio equal to 256. Hence, the concentration of SDS corresponding to the SDS-
WPI ratio of 256 is enough to prevent particles from flocculation or aggregation as well as 
dissociate clusters of fat droplets. The results of the transmission profile elucidated that the 
stability of the whey protein emulsion at pH 4 and 5.5 is obtained upon dilution with SDS-WPI 
ratio of 256.  
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TÓM TẮT 
ĐÁNH GIÁ ẢNH HƢỞNG CỦA TỈ LỆ NỒNG ĐỘ PHÂN TỦ SDS/WPI ĐỐI VỚI SỰ ỔN 
ĐỊNH CỦA CÁC NHŨ TƢƠNG WHEY PROTEIN 
Trần Lệ Thu*, Nguyễn Thị Ngọc Hợi 
Trường Đại học Công nghiệp thực phẩm Tp. Hồ Chí Minh, 140 Lê Trọng Tấn,                           
Phường Tây Thạnh, Quận Tân Phú, Thành phố Hồ Chí Minh 
*
Email: thutl@cntp.edu.vn 
Ảnh hƣởng của tỉ lệ nồng độ phân tử SDS/WPI đối với sự ổn định của các nhũ tƣơng whey 
protein tại pH 4 và 5.5 đƣợc khảo sát thông qua sự kết hợp của thiết bị li tâm Lumifuge và Zeta 
potential. Hai nhũ tƣơng đƣợc đồng hóa bao gồm 20 % dầu đậu tƣơng và 80 % dung dịch whey 
protein (trong đó, 0,5 % whey protein trong dung dịch đệm tại pH 4 và pH 5.5) ở nhiệt độ 
thƣờng. Quan sát cho thấy các giọt nhũ tƣơng sẽ kém kết đám khi tỉ lệ SDS/ WPI là 256. Kết 
quả này cũng cho thấy có  một liên kết điện tích mạnh giữa các hạt nhũ tƣơng khi chất hoạt động 
bề mặt hấp phụ trên các phân tử protein và kháng lại sự kết đám. Kết quả khi đo zeta potentials 
cũng giải thích sự ổn định của nhũ tƣơng tại pH 4 và pH 5.5 khi tỉ lệ SDS/WPI là 256. Kết quả 
của dải phổ khi li tâm bằng Lumifuge ở các thời điểm khác nhau tại 3000 vòng trên phút (1200 
g) cho thấy sự ổn định của nhũ tƣơng tại pH 4 và 5.5 đạt đƣợc khi tỉ lệ SDS/WPI là 256. 
Từ khóa: Lumifuge centrifugation, SDS, whey protein emulsion, zeta potential apparatus. 
